| INTRODUCTION
Mature erythrocytes are differentiated in bone marrow from the stage of proerythroblast to reticulocyte, and released into the peripheral blood. During the process of which, erythrocytes are changed their morphologies with the level of maturation. 1 The morphological characteristics are very important ground for distinction of each precursor cell, 2 which is needed in bone marrow test for the diagnosis of hematological malignancies. However, which have been yet defined by qualitative descriptions, 3 which is also big barrier to teach the definition to the artificial intelligence to develop an automatic examination system. Recently, automatic segmentation and distinction systems are reported for lymphoid 4 or myeloid 5 cells with the geographical, color, and the texture futures of these cells.
Texture analysis using gray level co-occurrence matrix (GLCM) have been applied to the pathological images, but that have not intensively studied for applying to the image analysis of blood. 6, 7 So we applied a texture analysis method using GLCM to images of erythrocyte precursor cell (EPC), and calculated texture distinction index (TDI) per every image to try quantitatively distinguishing types of EPC by TDI differences. 8 We are reporting the results of this trial in this paper.
| SUBJECTS AND METHODS

| Subjects
As a standard image for each EPC, we cut out four types and total of 55 EPC images from atlas on the web published by the Blood Cell
Morphology Standardization Subcommittee (BCMSS) in the Japanese
Society of Laboratory Hematology (JSLH). 9 The types (abbreviation; the number of images: n) are Proerythroblast (PEB; n=15), basophilic erythroblast (BPEB; n=15), polychromatic etythroblast (PCEB; n=15) and orthochromatic erythroblast (OCEB; n=10). Each image is judged as a typical image of each EPC type by eleven expert members of BCMSS with higher agreement rate than 70 presents of the members.
| Preprocessing of EPC images
Every standard image of EPC ( Figure 1A ) was preprocessed as the following manners before calculating GLCM. Those were changed to gray scale images of 256 levels ( Figure 1B ) with Image-J (IJ; Ver.1.43, available at rsbweb.nih.gov/ij; Accessed April 14, 2014). The outer margin of cell was decided by human eyes and the border lines of which were drown by hand with an appointing mouse or pen-tablet (Bamboo ® ; WACOM Co. Inc., Tokyo, Japan) as previously described.
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The outer pixels of each EPC ware cleared by "Edit>ClearOutside" tool in IJ. And the cleared pixels were filled with the darkest intensity (=0; Figure 1C ).
| FORTRAN program for GLCM and TDI
Gray level co-occurrence matrices of each EPC image was calculated using an in-house program written by FORTRAN 90/95, which compiled by gfortran (freeware, download from http://tdm-gcc.
tdragpn.net/ on February 4, 2015) . GLCM is a spatial domain statistical technique that calculates second and higher order statistics for the number of pixel pairs (i,j) occurrences for which a gray level i is spaced away from a gray level j by a distant d and along a direction θ.
It was suggested 8 that the similarity or difference among GLCMs was estimated using 10 statistical parameters. Herein, nine parameters including of (1) angular second monument, (2) contrast, (3) correlation, (4) sum of squares: variance, (5) inverse difference moment, (6) sum average, (7) sum variance, (8) entropy, (9) sum entropy and mean relative intensity (RI) of original image are calculated using two GLCMs with (d=1, θ=0°) or (d=1, θ=270°). (The details of TDI are described in Appendix.)
Then, threshold values, which divided two groups or types of EPC with the maximum sensitivity and specificity, were selected for all four EPCs.
| Statistical analysis
Statistical analysis was done using one-way ANOVA and Tukey's multiple comparison with JMP ® Pro 11 (SAS Institute Japan Ltd., Tokyo, Japan). All two-sided P value <5% is judged as significant.
| RESULTS
| EPC images
A total of 110 gray level images was created from original 55 EPC images ( Figure 1A) , the half of which were the original ones (type A; Figure 1B ), and the other half of which were replaced the darkest intensity (=0) in the outer part of cell (type B; Figure 1C ). The pixel numbers for each original erythrocyte progenitor cell (EPC) images were counted, and which were indicated on the first low with their standard deviations (SD), and the mean relative intensities of original or only inner part of each EPC image were calculated and indicated on the second lows with standard deviations. These figures on the first and second lows are the same as in both (A) and (B). From 3rd to 11th lows, the mean values of nine texture distinction indexes (TDIs) with standard deviations were indicated. The last two columns indicated the results of test for the differences in each TDI among four EPC images with analysis of variance (ANOVA). These in (A) were calculated with the gray scale co-occurrence matrix (GLCM) by a distant d=1 and along a direction θ=0°. These in (B) were done with GLCM by a distant d=1 and along a direction=270°.
each type A image was 140.2 ranging from 94.7 to 182.1, and that of type B image was 80.7 ranging from 15.0 to 108.8.
| Texture distinction indexes
Nine TDIs for type A or type B images which were calculated with GLCM (d=1, θ=0°) or (d=1, θ=270°) are indicated in Table 1A or B,
respectively. The values of the first low of GLCMs were extraordinarily bigger than those in the other lows, because the many pixels outer part of cell were filled with the darkest RI (=0). So, the first low (i=0), of which the elements contained the probabilities of the occurrence of every RI in a pixel by d=1, θ=0° or 270° from a pixel of the darkest RI (=0), was excluded from the final subjective GLCM for calculating
TDIs. Calculating with GLCMs with (d=1, θ=0°; 
| Distinctions of EPC images
Orthochromatic erythroblast was divided (P<.0001) from other three
EPCs by the threshold value of 100 with the sum average ( Figure 2A) calculated from GLCM with (d=1, θ=270°) for type B images. Of which the biggest agreement rate (sensitivity) between GLCM and human eye method and biggest specificity are 100% and 100%, respectively, among the all TDIs.
After the distinction of OCEB, for the remaining three EPCs, GLCM with (d=1, θ=0°) for type B images was calculated. With contrast of which, PCEB was divided (P<.0001) from other two EPCs ( Figure 2B ) by the threshold value of 650. Of which the biggest sensitivity and specificity are 100% and 100%, respectively, among all the TDIs.
Then, for the remaining two EPCs, GLCM with (d=1, θ=0°) for type B images was calculated. With sum average of which, PEB was divided (P<.0001) from BPEB ( Figure 2C ) by the threshold value of 275. Of which the biggest sensitivity and specificity are 87.5% and 92.9%, respectively, among all the TDIs.
As mentioned above, four EPCs were able to be distinguished ( Figure 2D ) by the threshold values with TDIs of GLCM for type B image, which were cut out the outer part of the original cell image.
| Total performance of CM-Tx method for distinction of EPC images
The average sensitivity and specificity of the three binary decision trees in the presented method (CM-Tx method) are 95.8%
(ranged from 87.5% to 100%) and 97.6% (ranged 92.5%-100%),
respectively. 
| DISCUSSION
In this study, the overall sensitivity and specificity of CM-Tx method for distinguishing EPCs are finally 95.8% and 97.6%, respectively.
Especially, those for the distinction of PCEB and OCEB are both almost perfect. However, for the distinction between PEB and BPEB those are 87.5% and 92.9%, which are remarkably lower than those for the other two EPCs.
The distinction between PEB and BPEB is often difficult and nonreproductive even by human expert examiners. So these results are considered to be natural. But which becomes to be worth establishing a better numerical definition and a distinction method for those two EPCs all the more because these are difficult for human examiners.
Another method of selecting a coordinate for creating GLCM may be possible to solve this problem, such as a concentric circular coordinate or a radial coordinate. 
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